Skeletal X-ray findings and bone histology in patients on hemodialysis  by Ritz, Eberhard et al.
Kidney International (Vol. 13), 1978, pp. 316—323
Skeletal X-ray findings and bone histology in patients on
hemodialysis
EBERHARD RITZ, PEDRO PRAGER, BURKHARD KREMPIEN, JURGEN BOMMER, HARTMUT
HORST MALLUCHE and HEINRICH SCHMIDT-GAYK
Medizinische Universitätsklinik, Universitäts-Strahlenklinik, Pathologisches Institut of the Universitñt Heidelberg,
Heidelberg, Germany, and Division of Nephrology, University of Southern California, Los Angeles, California
Skeletal X-ray findings and bone histology in patients on hemo-
dialysis. X-ray ifims of the hand skeleton (mammography tech-
nique), serum chemistry, and quantitative bone histology (micro-
morphometry of undecalcified sections, iliac crest spongiosa) were
compared in 25 patients on maintenance hemodialysis. The X-ray
findings correlated better with serum PTH levels than with bone
histology. Of all radiological signs of renal osteodystrophy, pro-
nounced subperiosteal resorption (radial aspect, second finger,
middle phalanx) and periosteal new bone formation (middle phal-
anx) correlated best with histological indicators of osteitis fibrosa.
These signs were never seen in control patients. Acroosteolysis
(endphalanx) and intracortical or endosteal resorption (middle
phalanx) were less specific (i.e., seen even in the absence of
metabolic bone disease) and correlated less with bone histology.
Osteosclerosis in iliac cancellous bone was paralleled by abnormal
texture of spongy bone in the proximal metaphysis of the middle
phalanx (second finger).
Aspect radiologique du squelette et histologie de l'os chez les
malades en hemodialyse. Les radiographies du squelette des mains
(technique de la mammographie), Ia biochimie sérique et
l'histologie quantitative de l'os (micromorphométrie de coupes
non décalcifiées du tissu spongieux de la crete iiaque), ont été
comparées chez 25 inalades en hemodialyse iterative. Les consta-
tations radiographiques sont mieux correlées avec les concentra-
tions sériques de VFH qu'avec l'histologie osseuse. Parmi tous les
signes radiologiques d'osteodystrophie rénale, une resorption
sous-périostée importante (aspect radial, deuxième doigt, deux-
ième phalange) est le signe le mieux correlé avec les indicateurs
histologiques de l'ostéite fibreuse. Ces signes n'ont jamais été
observes chez les malades témoins. L'acro-osteolyse (3ème phal-
ange) et la resorption corticale ou endo-osseuse (2ème phalange)
sont moms specifiques (c'est-à-dire observes même en l'absence
de maladie metabolique de l'os) et sont moms bien correlés avec
l'histologie de l'os. L'ostéosclérose dans l'os réticulé iliaque est
constatée parallèlement a une texture anormale de l'os spongieux
dans Ia metaphyse proximale de la 2ème phalange du 2ème doigt.
In uremic osteodystropy, the skeleton is progres-
sively destroyed by osteoclastic bone resorption [1,
2]. Premorbid bone is replaced by undermineralized
bone tissue with woven collagen texture [31. The
resulting changes in bone architecture are demon-
strable by X-ray examinations [4—81. Oreopoulos et
a! [91 found qualitatively more severe histological
lesions in uremic patients with positive X-ray signs.
In the present study, X-ray findings in the hand
skeleton of hemodialyzed patients were compared
with quantitative bone histology in order to examine
the value of each different X-ray sign for predicting
bone histology in individual patients.
Methods
Patients. Twenty-five hemodialyzed patients (age,
37.4 9.8; range, 23 to 55 yr) were studied (19 male,
6 female). The patients had been on hemodialysis for
33.6 20.0months (range, 1 to 67 months), 3 x 10 hr
per week (Milton Roy model B and Diaroy type 550,
Gambro Lundia dialyzer), using a blood flow of 200
mllmin, a dialysate flow of 0.6 liter/mm, a dialysate
calcium concentration of 3.5 mEq/liter, and a magne-
sium concentiation of 2.0 mEq/liter). None of the
patients was anephric. The patients had no dietary
protein restriction. The serum phosphorus concen-
centration was controlled by aluminium hydroxyde
given per os. All patients received a daily supple-
ment of calcium (1 g of elemental calcium per day) in
the form of calcium-gluconate. None of the patients
studied had received vitamin D or analogous sterols.
X-ray technique. Films of the hand skeleton were
obtained using a Philips Mamma-Diagnost Unit with
a Mb anode (Focalspot 0.66 mm) under the following
conditions: 35 kV, automatic exposure by means of a
phototimer (average exposure time 1 sec, 200 mA),
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50 cm FFD; Kodak Definix film, 31/2-min automatic
film processing time. The films were selected at ran-
dom and analyzed with a magnifying glass (x 8)
(Leitz Co., Wetzlar) by two examiners without
knowledge of the patient's name. The distal phalanx
(acroosteolysis) and middle phalanx (periosteal
neostosis [10], subperiosteal resorption, longitudinal
cortical striation, cortical thinning, texture of meta-
physeal spongiosa) of the 2nd finger of the right hand
Fig. 1. Distalphalanx of the left indexfinger of a 25-yr-old healthy
female. This shows outer circumferential lamella of the ungual
tuft clearly demarcated and smooth (grade I changes)
(magnification. x5).
were evaluated. The severity of the lesions was
graded using a scoring system of grade 0 to grade 3.
Acroosteolysis of the endphalanx and subperios-
teal resorption of the middle phalanx were assessed
according to the following system.
Acroosteolysis (Figs. 1—3). Grade 0: Outer cir-
cumferential lamella was clearly visible along the
entire ungual tuft. Grade 1: There were individual
cystic translucent defects underneath the circumfer-
Fig. 2. Distal phalanx of the left index finger of a 27-yr-old female
with uremjc bone disease. Multiple cystic translucent defects
produce interruptions on the cortex of the ungual tuft; there
is some periosteal new bone formation (grade 2 changes)
(magnification. x5).
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ential lamella without a break in the lamella's conti-
nuity. Grade 2: There were individual or multiple
cystic translucent defects causing breaks in the cir-
cumferential lamella, with an appearance of loosely
structured (woven) bone with pumice-like texture,
filling out resorption defects or covering remnants of
circumferential lamellae from outside (periosteal
neostosis). Grade 3. There was confluence of trans-
lucent defects, the discontinuity of the circumferen-
tial lamella covering more than 1/3 of the
circumference.
Subperiosteal resorption (Figs. 4—6). Grade 0:
There was homogenous density of cortical bone.
Grade 1. There were individual cystic translucent
defects at the transition between diaphyseal shaft
and metaphyseal flange and no irregularity of outer
cortical contour. Grade 2: There were individual
breaks in the outer cortical contour. Grade 3: There
was confluence of breaks in the outer contour ex-
tending over more than 1/3 of the diaphyseal shaft.
Cortical striation, endosteal resorption, and meta-
physeal sclerosis were graded 0 to 3 according to
their increasing degree of abnormality.
Fig. 3. RigI,t inde.r, distal p/wlanx finger a/i, 31—vp—aid anile nit/i
aremu bout disease. The confluence of the multiple cortical
defeers produces a discontinuity of the ci,cumferential lamella
involving more than of the ungual tuft. cori-esponding to grade 7
changes. Note marked periosteal new bone formation magnitica-
. >. Fig. 4.. lu/die p/niia;tr aft/re ic/i seeandJarger same penal: as i
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Fig. 5. Middle phalanx of the right index finger, same patient as in
Fig. 2. There is cortical thinning and increased cortical striation
(arrows) (magnification, X4.5).
Histological techniques. From all hemodialyzed
patients, iliac crest bone biopsy samples were
obtained with an electrical drill, using the method
described by Burckhardt [ill. Undecalcified sec-
tions, stained after Masson-Goldner, were coded and
evaluated by micromorphometry, as described previ-
ously [12, 13]. Control values were obtained by ana-
lyzing iliac crest specimens obtained from victims of
Fig. 6. Left middle second phalanx, same patient as in Fig. 3.
There is cortical thinning and striation, confluence of breaks on
the outer contour extending over more than one third of the
diaphyseal shaft, marked periosteal neostosis (grade 3 sub-
periosteal resorption) (magnification, x4.5).
traffic accidents (mean age, 41 yr; range, 15 to 50 yr;
11 male, 9 female).
Serum biochemistry. In predialytic serum speci-
mens, total and ionized [14] calcium, phosphorus,
alkaline serum phosphatase, and PTH (guinea pig
antibody against bovine PTH, after Lequine, Hack-
eng, and Schopman [15]) were measured.
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Table 1. Bone histology and serum chemistry in dialyzed
patients"5
Patients
(N = 25) Probability
Controls(N 20)
Vv, % 22.9 5.95
(11.6 to 35.4)
0.01 15.6 4.38
(10.3 to 23.8)
Yvos, % 1.02 0.856
(0 to 1.93)
0.05 0.13 0.12
(0 to 0.417)
S., mm2imm3 3.75 0.783
(2.12 to 5.01)
NS 3.12 0.697
(1.772 to 4.256)
SIV, mm2imm3 16.4 3.62
(8.55 to21.0)
0.01 20.5 3.04
(16.5 to 27.9)
S05 mm2Imm
OS, %
1.23 0.535
(0.60 to 2.81)
33.2 10.6
(18.3 to 57.5)
0.01
0.01
0.22 0.161
(0.05 to 0.42)
7.74 6.1
(0.7 to 20.9)
&JOCL, % 2.01 2.33
(0 to 8.69)
NS 0.74 0.91
(0 to 3.7)
PTH, pgEq bovine
PTH/ml 312 370 220'
Calcium, mEqiliter 4.99 0.37 5.25 to 4.25'
Magnesium, mEqi
liter 2.58 0.39 1.4 to2.l'
Alk. phosphatase,
IU 103 54.9 60 to 200'
Phosphorus, mgi
100 ml 4.43 1.31 2.5 to4.5'
Vv, volumetric density of bone,
Results
Specificity of X-ray signs. The specfficity of X-ray
findings was checked by examining the films of 29
individuals who were without skeletal disease (35.8
9.6 yr; range, 20 to 53 yr; 12 male, 17 female). The
following distribution of signs was found in these
cases: acroosteolysis (grade 0: 17/29; grade 1: 6/29;
grade 2: 6/29); subperiosteal resorption (grade 0: 16/
29; grade 1: 10/29; grade 2: 3/29); cortical striation
(grade 0: 14/29; grade 1: 12/29; grade 2: 3/29); endos-
teal resorption (grade 0: 2 1/29; grade 1: 5/29; grade 2:
3/29); metaphyseal sclerosis (grade 0: 26/29; grade 1:
3/29).
Thus, localized losses of the circumferential lamel-
la of the endphalanx and isolated cortical defects of
.
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Subperiostal resorption, graded 0 to 3
Fig. 7. Relation between osteoid volume density and subperiosteal
resorption.
the middle phalanx may be encountered even in a
group of healthy individuals. Without having histo-
logical studies on fingers of healthy individuals, we
are unable to tell whether these defects are projec-
tion artefacts, resulting from surface roughening, or
sites of tendinous insertions. Such findings may be
still more prevalent at the extremes of age. Notwith-
standing, the absence of intracortical defects under-
lying the breaks of the circumferential lamella distin-
guished occasional cortical breaks in normals from
subperiosteal resorption zones in uremic individuals.
Interobserver error. The reproducibility of the
grading of X-ray signs was rather satisfactory. Inter-
observer error, judged by calculating Spearmans
rank correlation coefficient [161 from interobserver
rank differences, varied between r = 0.482 (spon-
giosa), r = 0.811 (endosteal resorption), r = 0.851
(longitudinal striation), r = 0.925 (subperiosteal
resorption), and r = 0.961 (acroosteolysis).
Bone histology, serum chemistry and X-ray find-
ings (Tables 1 and 2). Dialyzed patients tended to
have higher volumetric bone density (Vv), pointing
to the presence of osteosclerosis of cancellous bone.
They also had higher volumetric (V0) and surface
densities (S05) of osteoid pointing to a high rate of
bone apposition andlor impaired mineralization [11.
The lower surface/volume ratio (S/V) of trabeculae is
indicative of the appearance of coarse, thickened
trabeculae. The increase in osteoclastic surface
resorption (SV0cL) indicates secondaiy hyperparathy-
roidism (Table 1).
The correlation between X-ray findings and quan-
1.51-
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a Abbreviations used are:
indicating the fraction of spongiosal volume occupied by bone
matrix; V,0s, volumetric density of osteoid, indicating the fraction
of spongiosal volume occupied by unmineralized (lamellar or
woven) osteoid; S, surface density of endosteal (' trabecular)
surface per unit volume spongy bone, indicating the size of the
interface between bone tissue and marrow cavity; Sly, specific sur-
face, which is the ratio of trabecular surface to trabecular volume
(this ratio falls as trabecular diameter rises); osteoid surface
density, indicating the size of unmineralized osteoid seams on the
trabecular surface per unit volume spongy bone; OS, osteoid sur-
face fraction, indicating the fraction of trabecular surface covered
by unmineralized osteoid seams; SVOCL, osteoclastic surface
resorption, indicating the fraction of mineralized (= non-osteoid)
trabecular surface covered by osteoclasts.
b Values are given as the mean SD; the range is given in
parentheses.
Difference between patients and controls (Wilcoxon test for
random samples).d Normal range in this laboratory.
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Table 2. X-ray signs and bone histology in dialyzed patients
No. of Vv V0 Svos SVOCL PTH Alk. Ph'as
X-ray sign Gradeb patients % % mm2lmm3 % pgEq bovine PTHImI IU
Acroosteolysis 0 8 22.9 7.5 0.69 0.69 1.15 0.45 1.08 0.82 158 83 89 5
1 4 29.9± 17.1 1.48 0.42 1.43 0.23 0.8 1.4 305 151 113 3
2 6 21.9 6.4 1.20 1.43 1.28 0.99 3.03 3.24 258 145 81 2
3 7 28.8 10.4 1.07 0.63 1.30 0.4 3.1 .6 557 618 158 9
r 0.263 0.21 0.123 0.301 0.531c 0.24
Subpenosteal resorption 0 4 18.6 2.38 0.42 0.47 0.94 0.29 1.26 1.05 152 70 109 6
1 11 24.3 6.3 0.93 0.67 1.16 0.42 1.39 1.26 228 144 82.3 3
2 3 19.5 (±6.9) 1.20 (± 0.42) 1.11 (±0.23) 4.26 (± 4.35) 154 (±40) 96.7 2
3 7 29.4 9.9 1.50 1.22 1.53 0.72 2.67 2.82 656 635 175 9
r 0.525 0.41tP 0349? 0.178 0.449 0.36
Cortical striation 0 6 21.3 3.0 0.65 0.55 1.63 0.31 1.75 1.11 131 69 99 5
1 5 24.8 6.5 0.94 0.66 1.12 0.43 1.97 3.79 234 42 82 2
2 8 21.9 7.6 1.04 0.74 1.29 0.38 1.73 2.01 243 258 93.8 5
3 6 24.6 6.0 1.39 1.38 1.53 0.% 2.58 2.77 632 604 185 9
r 0.171 0.232 0.259 0.05 Ø497d 0.28
Endosteal resorption 0 6 22.1 7.1 0.88 0.68 1.10 0.41 1.25 1.28 129 82 102 5
1 8 22.8 5.5 0.80 0.67 1.26 0.39 0.67 0.98 200 131 83 4
2 7 22.2 6.0 1.20 1.35 1.21 0.81 2.89 3.31 298 t 152 112 7
3 4 33.0 12.5 1.25 0.53 1.61 0.42 4.26 1.85 769 659 184 5
r 0.311 0.176 0.216 0.38 0.634? 0.26
MetaphysealsclerosisP 0 3 17.8 (±6.3) 0.75 (±0.42) 0.91 (±0.24) 1.36 2.36 158 (±30) 86.7 4
1 6 21.2 5.1 0.60 0.59 0.97 0.35 1.66 1.15 159 74 100 5
2 12 26.3 9.3 1.34 1.05 0.46 0.62 2.24 2.77 262 157 94.6 4
3 4 26.4 6.4 0.83 0.68 1.14 0.36 2.18 3.08 719 716 195 4
r 0.409? 0.213 0.324 0.049 0,413d 0.23
Periosteal neostosis absent 17 20.8 5.2 0.76 0.50 1.10 0.323 1.97 2.32 179 110 89 3
present 8 29.1 9.8 1.56 1.19 1.56 0.743 2.16 2.63 577 602 166 9
P 0.05 NS 0.05 NS 0.05 NS
a Wilcoxon test for random sample values are given as See Table 1 for abbreviations used in this table.
r = Spearman's rank correlation coefficient. The grades for metaphyseal sclerosis are: 0 = diminished number or diminished diameter of
trabeculae; 1 = normal findings; 2 = increase in number or increase in diameter of trabeculae; 3 = marked increase. For grading other X-ray
signs, see Method's section of text.
P <0.01.
d P <0.025.
P <0.05.
titative bone histology is summarized in Table 2.
Patients with markedly pathologic X-ray findings
tended to have clearly abnormal histological parame-
ters and abnormal serum chemistry.
Histological abnormalities correlated best with
subperiosteal resorption and periosteal neostosis. In
spite of the overall correlation, there was a consider-
able overlap between the groups, as indicated by
Figure 7. There was also a significant correlation
between osteoscierosis in iliac bone (as indicated by
an increase in Vv) and spongiosal sclerosis of the
proximal metaphysis.
The correlation between other X-ray signs
(acroosteolysis, cortical striation, endosteal resorp-
tion) and bone histology was not significant.
Serum PTH levels correlated better with X-ray
findings than any of the histological parameters.
Discussion
When X-ray findings were compared with bone
histology, a certain correlation was found between
organ level lesions (visualized by roentgenology) and
tissue level lesions (visualized by histology). This
merely reflects the well known fact that patients with
severe bone abnormalities have positive X-ray signs
[9]. But this type of relation between X-ray signs and
bone histology does not indicate which potential the
X-ray signs have for predicting the presence or inten-
sity of histological abnormalities in a given individu-
al. The great overlap (see Fig. 7) found in this study
indicates that this predictive potential is rather
limited.
This is unlikely to be the result of poor technique,
since even the finest detail can be visualized with the
mammography technique which we used. The sensi-
tivity of the method is such that minor local irregular-
ities of bone architecture were encountered not infre-
quently in individuals without skeletal disease. This
agrees with the experience of other authors [161 and
indicates that stringent criteria must be followed to
avoid the danger of "overreading." Most X-ray signs
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could be reliably recognized, as indicated by the
reasonably low interobserver error.
More than one factor may be responsible for the
dissociation between roentgenological and histologi-
cal findings. Histological changes of a common type
appear throughout the entire skeleton [2]; but this
does not seem to occur with the same intensity at all
sites, e.g., in the axial (iliac) as compared to the
appendicular (hand) skeleton or in cancellous (bone
biopsy) as compared to cortical (roentgenological
lesions) bone [3]. This introduces the possibility of
sampling errors.
Also, X-ray lesions are not randomly distributed
throughout the skeleton; rather, they appear in cer-
tain predilection sites, where local factors amplify
the systemic stimulus. It is thus conceivable, that at
a given level of systemic stimulation (e.g., by PTH)
differences in mechanical strain may give rise to
differences in the severity of X-ray signs.
Resorptive defects of the endphalanx and within
the cortex of the middle phalanx are seen even in
some healthy individuals. Therefore, they are not
specific indicators for the diagnosis of metabolic
bone disease, but they may be still useful for the
follow-up of the progressive resorptive defects in
sequential studies. Intracortical resorption in uremia
has some distinctive features. The number of striae,
rather than the length of individual striae, increases,
producing a "speckled" or "honey-comb" appear-
ance. Confluence of individual striae, virtually never
seen in normal young individuals, and blurred out-
lines of striae (reducing the width of fully mineralized
bone between the striae) are also characteristic.
Following the closure of the epiphyseal growth
plate, longitudinal growth of tubular bones ceases,
but transverse growth by periosteal bone apposition
continues throughout life. In individuals without
skeletal disease, bone resorption is never seen at the
periosteal surface. This explains why subperiosteal
resorption zones are much more specific indicators
of abnormal bone remodelling than intracortical and
endosteal resorptive defects. When bone surface
cells are activated by PTH [3], periosteal new bone
formation is also stimulated. Periosteal bone apposi-
tion in the normal skeleton is not visible roentgeno-
logically since there is no radiolucent interspace be-
tween preexistent bone and newly deposited bone.
In contrast, in osteitis fibrosa a layer of fibrous tissue
is interposed between the preexisting bone and the
osteoblastic layer. Therefore, bone newly formed at
the periosteal surface (periosteal neostosis) [10] can
be clearly visualized. Periosteal neostosis is a spe-
cific indicator of intense hyperparathyroidism and
correlates well with histological indices of osteitis
fibrosa and with serum PTH levels. The poor corre-
lation between X-ray signs and bone remodelling
parameters becomes less surprising if one realizes
that X-rays do not demonstrate remodelling per Se,
but indicates only deficient replacement of premor-
bid bone mineral during remodelling (local mineral
balance), i.e., the substitution of undermineralized
tissue for well mineralized premorbid bone. Resorp-
tion cavities may be filled with non-osseous dense
cellular fibrous tissue, with undermineralized fibrous
bone or with poorly mineralized Haversian system.
In the absence of undermineralized tissue, even high
remodelling rates may well be perfectly compatible
with a lack of roentgenologically visible resorptive
defects.
X-rays of the hand skeleton reflect not only bone
remodelling but also bone balance. An increase
(osteoscierosis) or decrease (osteopenia) of volumet-
ric bone density of iliac crest spongiosa (Vv) was
paralleled by an increase or decrease in metaphyseal
spongiosa abnormalities in the hand skeleton, indi-
cating that bone mass in the axial and in the appen-
dicular skeleton changes in parallel. A decrease of
cancellous bone mass [17] was not commonly seen
in our dialyzed patients [18, 19]. Radiographs of
cancellous bone in the proximal metaphysis of the
middle phalanx often show (usually focal) metaphy-
seal sclerosis, i.e., increase in the number (density)
and the diameter of the trabeculae. Irregularities of
the trabecular contours and loss of trajectorial, i.e.,
preferentially longitudinal, alignment commonly
were found. It is important, however, to exclude
projection artifacts underneath the articular cartilage
when evaluating trabecular architecture.
This abnormal spongiosal texture may result from
the peculiar biomechanical properties of woven bone
which replaces lamellar bone in uremic osteodystro-
phy. Unlike lamellar bone, woven bone lacks the
ordered suprafibrilar collagen texture necessary for
strain-sensing and is no longer responsive to any
form of mechanical deformation other than compres-
sion [20]. Therefore, the trabeculae can no longer be
aligned in a biochemically superior trajectorial pat-
tern [21]. When woven bone with its inferior biome-
chanical properties replaces lamellar bone, more
bone must be deposited for any given level of
mechanical strain. Thus, both disordered texture and
sclerosis in metaphyseal bone may, at least partially,
result from the appearance of woven bone.
On the basis of the results of this study, the follow-
ing procedure is recommended for diagnostic pur-
poses. The skeletal response to hyperparathyroidism
should be judged from the intensity of subperiosteal
resorption and periosteal neostosis (radial aspect of
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the middle phalanx, 2nd finger) and osteoscierosis
should be judged from the structure of metaphyseal
spongiosa (proximal metaphysis of middle phalanx,
2nd finger). Acroosteolysis (endphalanx) and intra-
cortical striation or endosteal resorption (middle
phalanx) are less well suited for diagnosis but may be
helpful for the follow up.
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